
R&D 100 • 2013

Exceptional service in the national interest

Mantevo Suite 1.0

SAND2013-2466P



2

SANDIA NATIONAL LABORATORIES • R&D 100 2013 • ENTRY SUBMISSION

Mantevo Suite 1.0

1. Organization Contact Information

A. Submitter/Product Developer

Organization: 

Sandia National Laboratories

P.O. Box 5800 

Albuquerque, New Mexico 87185 

www.sandia.gov

Submitter:

Michael A Heroux 

18125 Kreigle Lake Road

Avon, MN 56310

(320) 845-7695

Fax: (320) 845-7846

maherou@sandia.gov

www.cs.sandia.gov/~maherou

B. Principal Developer Organization

Principal Developer Organization

Sandia National Laboratories

P.O. Box 5800 

Albuquerque, New Mexico 87185 

www.sandia.gov

Other Supporting Organizations

• LANL and LLNL co-developed CoMD, one of the miniapps in the Mantevo Suite. 

• AWE developed CloverLeaf, one of the miniapps in the Mantevo Suite.

• NVIDIA Corp. developed GPU-Optimized derivative version of MiniFE package.

Jamal Mohd-Yusof

Los Alamos National Laboratory (LANL)

P.O. Box 1663

Los Alamos, NM 87545

(505) 667-5061

jamal@lanl.gov

www.lanl.gov

For associated video,

CLICK HERE



3

SANDIA NATIONAL LABORATORIES • R&D 100 2013 • ENTRY SUBMISSION

David Richards

Lawrence Livermore National Laboratory (LLNL)

P.O. Box 808

Livermore, CA 94551

(925) 424-5140

Fax: (925) 422-1370

richards12@llnl.gov 

www.llnl.gov

Andy Herdman

Atomic Weapons Establishment (AWE)

AWE, Aldermaston

Reading, Berkshire RG7 4PR

United Kingdom

0118 981 4111

Fax: 0118 981 5320

Andy.Herdman@awe.co.uk

awe.co.uk

Justin Luitjens

NVIDIA Corporation

2701 San Tomas Expressway

Santa Clara, CA 95050

(408) 486-2000

Fax: (408) 486-2200

jluitjens@nvidia.com 

nvidia.com

C. Principal (Primary) Developer

Michael A. Heroux

Distinguished Member of Technical Staff

Sandia National Laboratories

18125 Kreigle Lake Road

Avon, MN 56310

(320) 845-7695

Fax: (320) 845-7846

maherou@sandia.gov



4

SANDIA NATIONAL LABORATORIES • R&D 100 2013 • ENTRY SUBMISSION

Richard F. Barrett (Co-lead)

Principal Member of Technical Staff

Sandia National Laboratories

P.O. Box 5800

Albuquerque, NM 

87185-1319

(505) 845-7655

Fax: (505) 284-2518

rfbarre@sandia.gov 

James M. Willenbring (Project Coordinator)

Member of Technical Staff

Sandia National Laboratories

P.O. Box 5800

Albuquerque, NM 

87185-1320

(320) 685-0454

Fax: (320) 685-0454

jmwille@sandia.gov

2. Product Information

A. Product name

Mantevo Suite 1.0

B. Generic Description of Product

Computer Software

C. Product photo

Figure 1. Mantevo Suite 1.0
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3. Executive Summary
Computing hardware enables rapid information processing via sequential 

execution, but clock speeds have stalled. Future performance gains come almost 

solely from running sets of instructions concurrently, precipitating fundamental 

changes for all computer components, making co-design (collaborative, 

simultaneous development of all system components) essential. 

Miniapps have emerged as central components of co-design. Sandia’s Mantevo 

Suite 1.0 is an integrated collection of small software programs (miniapps) whose 

performance characteristics model full-scale applications, yet require only a 

fraction of the lines of code, making miniapps easier to study, design, and rewrite. 

The Mantevo project pioneered the miniapp concept, and the Mantevo Suite 1.0 

is the first integrated collection of full-featured miniapps. Miniapps are essential 

tools to explore complex design spaces because they are exceptional performance 

predictors of full applications and allow earlier, informed design decisions. Major 

companies (e.g., Intel, IBM, NVIDIA, AMD, Cray), universities and laboratories use 

miniapps as essential tools.

4. Introduction Date
December 13, 2012: Mantevo Suite 1.0 Release Announcement to Mantevo users 

and developers.

Figure 2.  Mantevo Suite 1.0 Release Announcement to Mantevo users and developers:  
December 13, 2012.

Miniapps are 
essential to the 

computer system 
co-design process.
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5. Previous R&D 100 Entry

This product has not been entered previously in the R&D 100 awards competition.

6. Product Price

The Mantevo Suite 1.0 is freely available as open source software at mantevo.org.

7. Patents 

None.

8. Product Description
A. What Does the Mantevo Suite Do?

Application performance is determined by a combination of many choices: 

hardware platform, runtime environment, languages and compilers used, 

algorithm choice and implementation, and more. In this complicated 

environment, we find that the use of miniapps (small self-contained proxies for 

real applications) is an excellent approach for rapidly exploring the parameter 

space of all these choices. Furthermore, use of miniapps enriches the interaction 

between application, library, and computer system developers by providing 

explicit functioning software and concrete performance results that lead to 

detailed, focused discussions of design trade-offs, algorithm choices, and runtime 

performance issues. 

Production-quality science and engineering applications are typically large, 

complicated and full-featured software products. As a result, they tend to be 

challenging to port to new computer platforms and require a well-trained user 

to do so. Although benchmarking of these applications on new platforms is 

essential as part of the design and implementation of a new computer system, 

the scope of this benchmarking is necessarily limited by the complexity of the 

software product, not to mention its demand for a full scope of system features 

that are only available after a new computer system reaches its near-production 

capabilities.

Characteristics that impact performance should be understood as early as possible 

in the analysis and design of new computers. Furthermore, it is often the case 

that there are multiple ways to design and implement the algorithms used 
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in an application, and the choice can have a dramatic impact on application 

performance.

To address these needs, our recent work in application performance analysis 

takes advantage of two important properties of many applications. (i) Although 

an application may have one million or more source lines of code, performance is 

often dominated by a very small subset of lines. (ii) For the remaining code, these 

applications often contain many physics models that are mathematically distinct 

but have very similar performance characteristics.

To exploit the properties listed above, we have developed a growing collection 

of miniapps. Miniapps take advantage of the above two application properties 

by encapsulating only the most important computational operations, and 

consolidating physics capabilities that have the same performance profiles. The 

large-scale application developer, who is tasked with developing the miniapp, 

guides the decisions, resulting in a code that is a small fraction of the original 

application size, yet still captures the primary performance behavior.

Mantevo focuses on developing tools to accelerate and improve the design of high 

performance computers and applications by providing application and library 

proxies to the high performance computing community.

B. Principal Applications of Mantevo Suite 

The Role of  Miniapps. 

Mantevo miniapps facilitate rapid and effective design decisions for the 

development of new high-performance computer systems by giving computer 

system developers — from those developing new memory systems, processor 

architectures, operating and runtime systems, languages, compilers, and the 

applications themselves — a concrete, executable performance proxy for a full 

application. 

Performance proxies for full applications have been around for decades. 

Benchmarks and kernels in particular have received much attention. Miniapps are 

unlike previous efforts in that the explicit intent is to support co-design. Miniapps 

balance fidelity to the full application against ease-of-use, and balance providing 

a concrete description of how to perform computations against the flexibility to 

redesign and rewrite the software.

Although an 
application may 
have one million 

or more source 
lines of  code, 

performance is 
often dominated 

by a very small 
subset of  lines.
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C. How Mantevo Suite Benefits the Market It Serves

Why we develop miniapps. 

Not all applications require miniapps – some are small and accessible in their 

own right – but others are simply too large and complex to work with directly in 

early design studies. For example, Charon, a production multi-physics code, has 

more than 400,000 lines of code and 40 third-party library (TPL) dependencies, 

works only with message passing parallelism (MPI) and double-precision data, 

requires significant experience to build, and is export controlled. In contrast, 

MiniFE, a miniapp performance proxy for Charon, has 6,500 lines of code, does 

not have any required TPL dependencies, and works with MPI and many other 

parallel environments, including Pthreads, OpenMP, Threading Building Block 

(TBB), and CUDA. It supports multiple precisions and is open source and trivial to 

build. MiniFE has been used in dozens of performance design studies, informing 

numerous decisions.

D. Other Applications of Mantevo Suite

Uses for miniapps. 

Miniapps provide a category of tools that help in the following situations:

-  Interaction with external research communities: Miniapps are open source 

software, in contrast to many restricted access production applications.

-  Simulators: Miniapps are the right size for use in simulated environments, 

supporting the study of processor, memory, and network architectures.

-  Early node architecture studies: Scalable system performance is strongly 

influenced by the processor node architecture. Processor nodes are often 

available many months before the complete system. Miniapps enable an 

opportunity to study node performance very early in the design process.

-  Network scaling studies: Miniapps are easily configured to run on any number 

of processors, providing a simple tool to test network scalability. Although 

not a replacement for production applications, miniapps can provide early 

insight into scaling issues.

-  New language and programming models: Miniapps can be refactored or 

completely rewritten in new languages and programming models. Such 

working examples are a critical resource in determining if and how to rewrite 

production applications.

-  Compiler tuning: Miniapps provide a focused environment for compiler 

developers to improve compiled code.

Miniapps are designed to be useful tools throughout the co-design space and have 
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gained popularity among many of the Department of Energy (DOE) Advanced 

Scientific Computing Research and National Nuclear Safety Administration co-

design centers. Unlike a benchmark, the output of a miniapp is information, 

which must be interpreted within an often-subjective context. Unlike a 

simplified model application, which is designed to capture physics behavior, 

miniapps are designed to capture some key performance issue in the full 

application. Unlike a skeleton application, which is designed for focusing on 

interprocess communication perhaps involving a “fake” computation, miniapps 

create a meaningful context in which to explore the key performance issues. 

Ideally miniapps are developed and owned by application code teams, with 

the assistance of other experts. Miniapps can be modified or even completely 

rewritten. Averaging 5,000 source lines of code, miniapps enable unconstrained 

modification. 

9. Technology Description

A. How the Mantevo Suite Works

Working with Mantevo miniapps. 

Mantevo miniapps are freely available software products, accessible from 

mantevo.org as C++, C, and Fortran source code, along with descriptions of 

capabilities and instructions for compiling and running relevant test cases. The 

base implementations include support for:

-  Sequential execution

-  Shared memory execution using OpenMP

-  Distributed memory execution using MPI

In the hands of users, they are compiled for the target system or simulator 

environment and then executed over a range of problem sizes and configurations. 

In most cases, users will also modify the source code to better match the target 

platform (e.g., port to CUDA for GPUs [graphics processing unit]) and study the 

impact of those changes. 

The results of these experiments are used to help system designers (e.g., should 

we increase register state on the next generation of GPUs?), application developers 

(e.g., are GPUs a good platform?), programming model developers (e.g., how can 

we make it easier to rewrite Charon for GPUs?) and users (e.g., how fast will Charon 

be in the future?).

Miniapps can 
be modified or 

even completely 
rewritten. 
Averaging 

5,000 source 
lines of  code, 

miniapps enable 
unconstrained 
modification.



10

SANDIA NATIONAL LABORATORIES • R&D 100 2013 • ENTRY SUBMISSION

B. What scientific theories are involved for Mantevo Suite?

Miniapps are small but predictive. 

The fundamental principle underpinning miniapps is that performance profiles 

of applications can be described in terms of computational and data movement 

patterns. Although an application may have many modeling capabilities, these 

underlying patterns are repeated many times. For example, Charon uses the finite 

element method on hexahedral meshes to compute approximations to many 

physics models. In contrast, MiniFE computes very simple physics (heat diffusion) 

on synthetic hexahedral meshes, but the computational and data movement 

patterns are very similar. Charon uses a variety of preconditioned iterative solvers 

to solve the subsequent global finite element problem. MiniFE solves a simple 

problem using simple conjugate gradients, which have most of the patterns 

present in Charon’s solvers.

Because MiniFE contains most of the same patterns as Charon, its performance 

behavior is very similar to Charon. Furthermore, transformations that change 

how MiniFE behaves will also be applicable to Charon, or any similar application. 

Extensive validation exercises show the strong correlation.

C. Building Blocks of Your Technology? 

Mantevo common look and feel policies. 

All miniapps share some common requirements despite modeling very different 

types of problems. Processes and tools for building, running, and collecting data 

can be leveraged across all miniapps. The Mantevo common look and feel policy 

supports effective use of an ever-growing collection of miniapps. All Mantevo 

miniapps share these features:

-  Four basic builds. We also distribute any derived version (e.g., the CUDA 

version of MiniFE). All miniapps use a simple configuration and build 

system, which is essential when working in prototype environments and with 

simulators.

-  Common I/O format. Mantevo provides utility functions to read and write 

YAML format. YAML is a de facto standard, human-readable text format that 

supports XML conversion. By using YAML, we can record Mantevo output 

directly into databases for later analysis. Each execution of a Mantevo 

miniapp generates a time-stamped output file.

-  Co-Pylot post-processing tools. Performance studies with Mantevo can 

generate too much data to analyze by hand. The Mantevo tool Co-Pylot 

accepts Mantevo YAML output files and stores each as a record in a MySQL 
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database. Co-Pylot also displays results as graphs and charts.

-  YAML email reflector. Because YAML is text output, it can be sent by email. We 

have email lists that accept embedded YAML output for use with Co-Pylot.

New miniapps leverage the common tools that Mantevo provides, reducing 

development time and improving usability.

Current miniapps. 

Mantevo Suite Release 1.0 contains the miniapps listed below. Some of these 

miniapps have been available individually before, but this suite release is the first 

official release and includes the common look and feel features.

•  CloverLeaf: Solves the compressible Euler equations on a Cartesian grid, using 

an explicit, second-order accurate method.

•  CoMD: A simple proxy for the computations in a typical molecular dynamics 

application. The reference implementation mimics that of SPaSM. In 

addition, we provide an OpenCL implementation, which allows testing on 

multicore and GPU architectures, with both array-of-structures and structure-

of-arrays data layouts. 

•  MiniFE: A proxy application for unstructured implicit finite element codes. 

It is similar to HPCCG but provides a much more complete vertical covering 

of the steps in this class of applications. MiniFE also provides support for 

computation on multicore nodes, including Pthreads and Intel’s TBB for 

homogeneous multicore and CUDA for GPUs.

•  HPCCG: Intended to be the “best approximation to an unstructured implicit 

finite element or finite volume application in 800 lines or fewer.”

•  MiniMD: A simple proxy for the force computations in a typical molecular 

dynamics application. The algorithms and implementation used closely 

mimics these same operations as performed in LAMMPS.

•  MiniGhost: A finite difference proxy application that implements a difference 

stencil across a homogenous three-dimensional domain.

•  MiniXyce: A portable proxy of some of the key capabilities in the electrical 

modeling Xyce.
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10. Product Comparison

A & B. Comparison Matrix

Full Application Challenge Problem Benchmark Mantevo Miniapp
Size and Complexity Large (up to millions of 

lines of code). Composed 
of multiple languages. 
Dependent on third-
party components. 
Relies on proprietary 
data. Sometimes export 
controlled.

Much smaller than full 
application, but can still 
be large. Typically self-
contained. Some export 
controlled.

Usually smaller than 
miniapp. Easy to build.

Smaller than challenge 
problem. Self-contained. 
Common look and feel 
across all.

Scientific Fidelity Full. Attempts to solve a 
simplified but still 
realistic problem. Leads 
to unnecessary work 
when only interested in 
performance modeling.

Very little. Focus is on a 
static collection of kernels.

Can solve a simplified 
problem with synthetic 
data, but mostly concerned 
about minimizing code 
size while retaining 
necessary computational 
and data movement 
patterns.

Performance Modeling 
Fidelity

Full. Fairly good, but for 
simplified problem. 
Fidelity should hold under 
transformations.

Focused on performance 
of current computational 
approach. Transformations 
are generally not 
permitted.

Fairly good. Extensive 
validation studies show 
modeling strengths and 
weaknesses, including 
understanding of effect of 
transformations.

Ease of Refactoring Very difficult. Successful 
deployment to next 
generation systems can 
be a multi-year effort. 
Without some prototyping, 
likelihood of success is low.

Much easier than full 
application, but adhering 
to a realistic problem 
means there are many 
repeated computational 
patterns that must be 
redundantly refactored.

Generally not permitted or 
only within a very narrow 
scope.

Much easier than 
challenge problem. Only 
the essential patterns are 
present, so refactoring is as 
efficient as possible.

Ease of Generating and 
Analyzing Performance 
Results

Possible, but only with 
current application 
implementation. No ability 
to try new approaches 
on new systems or with 
new programming 
environments.

Fairly easy to generate 
results, but no uniform 
output format that makes 
analysis easy.

Very easy to generate 
and collect across many 
systems. Data typically 
collected on common 
website. Easily analyzed.

Very easy to generate. 
Generally collected 
across many systems and 
thoroughly analyzed. 
Use of YAML, XML, and 
interoperability with 
post-processing tools (e.g., 
Co-Pylot, spreadsheets), 
makes analysis easy.

Availability Sometimes very limited 
or export controlled. 
Sometimes costly to 
purchase.

More accessible, but 
also sometimes export 
controlled.

Downloadable. In some 
cases a license fee of $250-
$800.

Free download. Open 
source under the GNU 
LGPL license.

1  DARPA UHPC, Challenge Problem Hydrodynamics: LULESH, Version 1.0.1
2   Innovative Computing Laboratory, University of  Tennessee, HPC Challenge Benchmark, Version 1.4.2 AND 

NASA Advanced Supercomputing Division, NAS Parallel Benchmarks, Version 3.3
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C. Describe how your product improves upon competitive products or 

technologies.

Mantevo miniapps provide the right balance of size, complexity, fidelity, ease of 

refactoring, generating and analysis of results, and availability for enabling the 

design of next generation computing environments. In this time of rapid change in 

computing, Mantevo miniapps are an essential element of the co-design process.

•  Ease of  refactoring. Miniapps are designed and intended to be refactored. 

This is perhaps the most important feature of miniapps. The success of 

future high-end computing requires the redesign of all components, 

including the applications themselves.

•  Size and complexity. Miniapps are the smallest possible performance proxies 

for full applications that still contain the most important performance-

impacting features.

•  Fidelity. Miniapp designs recognize that fidelity to computing the full 

application problem is not necessary for accurate performance modeling. 

On the contrary, fidelity leads to extra work when refactoring source code for 

new systems.

•  Generating and analyzing performance results. Miniapps are designed for easy 

generation of both human- and machine-readable results. Use of YAML and 

XML formats enable the use of almost any post-processing tools, including 

Sandia’s Co-Pylot tools (which permit sending of miniapp results to an email 

address for automatic insertion into a database) and standard spreadsheets 

and databases.

•  Availability. Miniapps are free, open source downloads from the mantevo.org 

website.

D. Limitations of your product. 

Miniapps have been controversial in the high-performance computing community. 

However, now that they have been successfully used in many settings, much of the 

criticism has subsided. Common concerns have been:

•  Miniapps are too simple to accurately represent real applications. We get this 

comment from application developers who do not appreciate how frequently 

the same computational pattern appears in their full applications.

•  Miniapps are too specific. This comment comes from people who think 

fundamentally new mathematical formulations are required. It is true that 

we assume a particular mathematical formulation. However, miniapps 

encode basic approaches for differential equations, particle physics, circuit 

simulation, and more. Although new mathematics may be required in some 

Mantevo miniapps 
provide the right 
balance of size, 

complexity, fidelity, 
ease of refactoring, 

generating and 
analysis of  results, 

and availability for 
enabling the design 
of next generation 

computing 
environments.
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application areas, the basic mathematical formulations encoded in Mantevo 

miniapps will continue to have importance for many years. Miniapps are 

intended to be refactored, allowing us to explore many new algorithms very 

quickly.

•  Miniapps are unnecessary overhead; I can work directly with my full 

application. This criticism is true for some simpler applications that are fairly 

small and modular. In these settings, the full application can be refactored 

rather quickly and a miniapp is not necessary. However, in many application 

areas, the size and complexity of the full application requires one or more 

miniapps in order to explore future design choices.

11. Summary

The Mantevo project pioneered the miniapp collaboration model. Although many 

performance proxies have been available before, miniapps provide the right mix 

of ingredients to do rapid exploration of the design space for new supercomputers 

and applications. The release of the Mantevo Suite 1.0 provides access to a specific 

set of performance proxies that can be confidently used to guide design decisions 

by everyone involved in the development of the next generation of computing 

capabilities.

The entire computing community is facing a fundamental change in how to 

efficiently use new systems. Faster clock speeds have been the primary source 

for ever-increasing performance for decades. Clock speeds have stalled, but new, 

more challenging, opportunities are available via concurrency to once again enjoy 

regular performance improvements. 

Supercomputing – the ability to perform 1015 (one million-billion) operations per 

second – allows us to do amazing things, and its importance cannot be overstated. 

From safer automobiles to enhanced oil recovery, new materials, better weather 

and climate forecasts, and breakthrough science results, supercomputing plays 

a unique role. However, because of stalled clock speeds, the next generation of 

supercomputers will be markedly different from the past. The new source for 

improved performance comes from high levels of concurrency using very different 

processor designs. This fundamental change in processor architecture requires 

changes to every other aspect of supercomputing. 

Because supercomputers comprise an increasing number of components, the 
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possibility of a component failing is dramatically rising. This also poses a daunting 

challenge for the next generation of supercomputers. How can applications 

remain resilient in the presence of intermittent failure?

With the number of components increasing and all components of 

supercomputing changing, co-design (the process of developing all components of 

the system simultaneously) becomes very important. No one can assume previous 

approaches will still be valid. In this era of co-design, miniapps have emerged as a 

central component for collaborative development.

12. Affirmation 

By submitting this entry to R&D Magazine I affirm that all information submitted 

as a part of, or supplemental to, this entry is a fair and accurate representation of 

this product. I affirm that I have read the instructions and entry notes and agree 

to the rules specified in those sections. 

Michael A. Heroux

For associated video,

CLICK HERE
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Appendix D: Publications

sc11.supercomputing.org/

SC11 is the International Conference for High Performance Computing, 

Networking, Storage and Analysis. This poster won the Best Poster prize.
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sc11.supercomputing.org/

Poster-2nd page.
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